By making use of the techniques of power spectrum analysis and simple linear filtering procedures, it is shown that the amplitude of the 27-day variation of the geomagnetic disturbance index Ci is subject to a significant semiannual modulation. It is also shown that there is no amplitude modulation of this component with other periods such as the annual or 11-year period. The semiannual amplitude modulation, however, is also found in variations of Ci for time periods between 27 days and 6 months, and the phase of the modulation is closely locked in phase with that of the 6-month variation of Ci itself. This close agreement between the 6-month variation of Ci and the 6-month amplitude modulation of such components as the 27-day variation forms the basis of a test between the two principal hypotheses that have been proposed to explain the 6-month variation of geomagnetic disturbance; namely, the so-called 'axial' and 'equinoctial' hypotheses. In the axial hypothesis, the important element is the inclination of the sun's axis of rotation to the ecliptic plane, whereas the equinoctial hypothesis depends upon the inclination to this plane of the earth's axis of rotation and its associated dipole magnetic field. The result of the test clearly favors the equinoctial hypothesis.
INTRODUCTION
Geomagnetic disturbance indices have long been known to contain a 27-day variation corresponding to the period of solar rotation. Recently, however, by means of a high resolution power spectrum [Shapiro and Ward, 1966] , it was shown that the 27-day variation consists of three separate peaks: a central peak near 27 days and two prominent side lobes. The nearcoincidence of the frequencies of the side lobes with the frequencies to be expected from an annual amplitude modulation of the 27-day variation led Coleman and Smith [1966] to conclude that the side lobes were in fact produced by just such a modulation. It was shown, however [Shapiro, 1967] , that the side lobes could not be produced by an annual amplitude modulation and were therefore probably solar in origin. In the course of the analysis to test for the presence of amplitude modulation of the 27-day variation, evidence was found that was strongly suggestive of a semiannual modulation. The test used was very sensitive to the presence of amplitude modulation. Starting with daily values of the international magnetic character figure Ci for the period January 1, 1884, through December 11, 1964 (29,565 values), variances over 27-day intervals were obtained, yielding a time series with 1095 values. A necessary condition for the presence of amplitude modulation of the 27-day variation is a prominent peak in the power spectrum of the time series of the variances. The power spectrum of the variances, taken from the previous report [Shapiro, 1967] , is reproduced here as Figure 1. Whereas no pronounced peak is evident at a period of I year, there is a sharp prominent peak at • year. Figure I is not, however, a sufficient condition for the existence of amplitude modulation of the 27-day variation. There is a pronounced tendency for the variance of Ci over some time interval to be positively correlated with the average of Ci over this interval. For example, the linear correlation coefficients between the monthly mean and monthly variance, the semiannual mean and semiannual variance, and the annual mean and annual variance (using daily values of Ci for the entire period January 1, 1884, through December 31, 1964) Figure 5 since the high-frequency portion is uniformly low in power. The autocorrelation function was obtained with 5254 data points (covering the length of record of the 30-day variances of the filtered data, January 1, 1888, through December 29, 1959) and was truncated at a lag of 800, which corresponds to 4000 days. The 1% significance level in Figure 5 corresponds to values that depart from the surrounding continuum by about a factor of 2. It is apparent that significant semiannual amplitude modulation of the 27-day variation of Ci is taking place. It is also evident that there is no semblance of an annual amplitude modulation. However, there appears to be a significant enhancement of power at the very low frequency end of the spectrum. This low-frequency enhancement, which also occurs in the spectrum of the 27-day variances of the unfiltered data (Figure 1 ) as well as in spectra of Ci itself, is produced by long-term changes in the mean and variance of Ci such as are portrayed in Table 1 . These long-term changes in the mean and variance of Ci have probably been produced by changes in sealing that have taken place over the years, but they could reflect real changes taking place on a time scale too long to be resolved by the data record. Table 1 There is a small peak at 11 years in the spectrum of the variances of the unfiltered data (Figure 1 ), but there is no comparable peak in the spectrum of the variances of the filtered data ( Figure 5 ). Since the filtered data contain (virtually) only the 27-day variation, whereas the unfiltered data contain (in addition) a significant 6-month variation and a broad continuum, the presence of a peak at 11 years in Figure 1 implies an 11-year amplitude modulation of the 6-month variation and perhaps the nearby continuum. However, the absence of a peak at 11 years in Figure 5 shows that there is no 11 year amplitude modulation of the 27-day variation.
The existence of a peak in

It is of interest to note from
We summarize the results of this section with the following conclusions:
The mechanism responsible for the pronounced 6-month variation in geomagnetic disturbance has been the subject of debate and controversy for many years. Two mechanisms, the so-called 'axial' and 'equinoctial,' have been proposed to account for the fact that geomagnetic disturbance tends to be high during the spring and fall and relatively low during' the summer and winter. The axial hypothesis depends upon the inclination of the solar axis of rotation (7.2 ø ) to the plane of the ecliptic, whereas the equinoctial hypothesis depends upon In the equinoctial hypothesis [Barrels, 1963] it is postulated that solar corpuscular streams are emitted more or less in the plane of the ecliptic and that the inclination of the earth's axis of rotation to this plane forms the basis of the mechanism. Thus, the time of the equinoxes, when the earth's dipole magnetic field is approximately perpendicular to the oncoming solar corpuscular streams, should favor more intense geomagnetic activity.
The two hypotheses are not mutually exclusive, and the proponents of each allow the possibility that the alternative mechanism may be operating as a secondary effect. Since the phases of the 6-month variation predicted by the two hypotheses differ only by about 2 weeks and since there is appreciable 'noise' even in long-term averages of geomagnetic disturbance indices, it is not possible to differentiate conclusively between the two hypotheses solely on the basis of phase. However, the evidence on the phase of the 6-month variation does favor the equinoctial hypothesis. Smoothed values of the calendar-daily 'normals' of Ci appear to reach peak values either on or after the equinoxes [Shapiro and Ward, 1960] . The filtered Ci data (a small sample of which is shown in Figure 4) , containing virtually only a 27-day variation, offers an opportunity to re-examine this question with largely 'noise-free' data.
In the axial hypothesis, higher levels of geomagnetic activity are produced by greater numbers of corpuscular streams striking the earth; and lower levels of geomagnetic activity are produced by fewer corpuscular streams striking the earth. Since there is no reason to believe that the emission of such streams from the sun is subject to a 6-month variation (there is, in fact, evidence that solar activity does not have a 6-month variation [Ward and Shapiro, 1962] ), then the periods of low geomagnetic activity during summer and winter (according to the axial hypothesis) are produced by a greater than normal number of corpuscular streams bypassing the earth at these times. Thus, the axial hypothesis would predict the greatest number of geomagnetically quiet periods during the winter and summer and the greatest number of disturbed periods during spring and fall. In the equinoctial hypothesis, there is no preferential period of the year during which corpuscular streams tend to hit or bypass the earth. Thus, geomagnetically quiet periods (according to the equinoctial hypothesis) occur only when the sun is not emitting corpuscular streams. The difference between high and low levels of geomagnetic activity (say between spring and summer) is not due to a difference in the number of streams reaching the earth, but to a difference in the efiq_ciency of the stream to produce geomagnetic disturbance. Thus, according to this hypothesis there should be a greater number of days with highly disturbed geomagnetic conditions at the time of the equinoxes and a greater number of days with moderately or weakly disturbed geomagnetic conditions during the solstices. The number of days with very quiet geomagnetic conditions, however, should be roughly equal during both the solstices and equinoxes.
The 27-day filter that was applied to the raw daily values of Ci effectively removes any long period variation of Ci such as the 6-month period and has the effect of superimposing the 27-day variation (which is superimposed in the raw data on a slowly varying continuum) onto a fiat, zero-valued continuum (see Table 1 ). Thus, in the filtered data, geomagnetically quiet intervals during a period containing large disturbances would show up with larger negative departures from the continuum than comparably quiet intervals during a period containing only moderate or weak disturbances. In other words, if the equinoctial hypothesis is correct, we would expect to find the largest number of pronounced minima in the 27-day filtered data at about the same time of year as we find the largest number of pronounced maxima, and we would expect to find the smallest number of pronounced minima at about the same time of year as the smallest number of pronounced I II  I  I  I II I  II  I I  II II  I  I  I  II I  I  I I II111 I II I  II III  II  I Table 2 . [1962] in favor of the axial hypothesis involves a variation of the amplitude of the 6-month oscillation with the phase of the sunspot cycle. They used a modified 'u' index, which was derived by Barrels [1932] as a measure of the interdiurnal variability of the horizontal component of the geomagnetic field at the magnetic equator. They found that the 6-month variation had significantly greater relative amplitude during the descending phase of the sunspot cycle when the spot groups were situated at low solar latitudes than during the ascending phase when the spot groups are at higher solar latitudes. As we have seen above, there is evidence of an l 1-year amplitude modulation of the 6-month variation of Ci. We, therefore, examined the 6-month variation of Ci as a function of the phase of the sunspot cycle to determine whether the behavior of Ci, is similar to that of the 'u' index. We separated the available Ci data into four parts corresponding to the minimum, ascending, maximum, or descending phases of the sunspot cycle, and determined the seasonal variation of Ci for each part separately. The results of this analysis are given in Table 3 in the form of per cent of the appropriate population values. The columns designated 'ascending' and 'descending' correspond almost exactly to Priester and Cattani's high-latitude and low-latitude categories. There is no evidence in Table 3 , however, of any significant difference in the relative amplitude of the 6-month variation of Ci as a function of the rather than to a real difference in the behavior of the parameters. The presence of some small systematic 11-year variation in the amplitude of the semiannual component of Ci is indicated both by the small peak at 11 years in Figure I and by the slight difference between the 'minimum'
and 'maximum' columns of Table 3 . However, it is not evident that any such variation is operating in accordance with the axial hypothesis. We, therefore, conclude that any such effect is of secondary importance and that the equinoctial mechanism is responsible for the 6-month variation of geomagnetic disturbance.
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